Construction is a fragmented industry and its integration has been the goal of research efforts in building management and construction IT. Computer Integrated Construction (CIC) is, after decades of work, still a goal to be achieved. Mainstream methods to achieve this goal were the product and later the process models. Recently the attention has shifted towards workflow oriented approaches. In this paper the author will argue that in particular the communication based workflow (as opposed to activity based workflow) could be a promising approach to CIC research. Communication workflow paradigm can be used to scientifically address and examine the most propulsive modern information technologies, such as the Internet, mobile communication and the future integration of the two. An ontological framework is proposed that unifies communication workflow paradigm with more traditional product and process based paradigms.
Introduction
Construction is often regarded as low-tech, IT extensive professions. And jet, when compared to other kinds of engineering or even business, where else can more complex, fuzzy and inextricable situations be found. Products and processes are unique; the virtual company, that builds the product, consisting of investors, design firms, contractors and subcontractors is unique; the level of IT expertise varies... It is because the business processes in construction are so complex that the penetration of IT tools is smaller than in other industries. These industries design a product to be sold in a million copies, in a process that will run in controlled, factory environments. And therefore there is a lot of time to design the product and plan the process very carefully. Construction, on the other hand, cannot afford so much precision and compensates that with the improvisation and intense communication among the parties involved. IT support for that has not been studied much.
Computer integrated construction
One of the main tasks of the construction information technology research has been the integration of the fragmented profession using computers thus achieving "Computer Integrated Construction" (CIC). It has been believed that the agreement on the standardized product models and information exchange protocols is the way to achieve the integration. More than thirty years ago, Champion (1967) In other words, a common language for construction is required and western tradition has a very old example, how important such a language is (Figure 1 ). Today, after decades of research in construction IT, this problem remains on the research agenda, in spite of the IAI and STEP standard developments. Turk (1998) argued that these problems are not solvable, relying on the critics of artificial Turkintelligence, such as Winograd and Flores (1967) and Penrose (1989) who used the philosophy of Heidegger and Gadamer for theoretical background of their critique.
If the common language of the industry are not common product models, what is it? In this paper the author suggests to acknowledge the people as the integrating element of construction industry, a role they had even when designs were communicating orally and when a "mixing of the languages" could prevent the tower of Babel to be built. Information technology should support what people do.
Engineering as participation in commitment networks
The speech act theory (Searle, 1969) argues that the primary goal of communication is not information exchange, but requesting and fulfilling of the commitments between the participants in the conversation. Speech is an act in which a speaker is trying to commit the listener to some action. For example, if an engineer says to an architect that the supporting columns in a structure are too far apart, he is trying to commit the architect to doing something about it. Although the semantics of the statement is quite obvious, the pragmatics is in fact asking the architect to change the design. The pragmatics only makes sense in a given context or situation and to persons with some common cultural and professional background. Computers can, somehow, handle the semantics, but the pragmatics escapes them due to severe limitations in their handling of the real-world contexts.
The most important human activity is not "processing" like problem solving or decision making, but maintaining a network of conversations for action -"conversations in which requests and commitments lead to successful completion of the work". In the light of the above example, the most important activity of the engineer is not his ability to put enough steel into the beams, but his ability to function in a social context, for example to engage an architect in finding a solution which seems more sensible.
Engineering is therefore not only about solving a problem, but in establishing a network of people, who can work together. Working together means that members of the team can negotiate about the commitments they will take. Organizations, such as construction companies, should be understood as networks of commitments between customers and performers. The customers require, and the performers fulfil certain tasks in the construction process.
IT to support conversation for commitment networks
Current IT made a lot of progress in creating software that assist in the design and analysis, as well as in the information exchange between the participants. Technology that supports the commitment networks in an organized way is rarely used. On the other hand, general tools, such as personal contacts, phones, faxes and email are very popular. Current IT provides a limited support for the following key operations:
• The exchange of speech acts, possibly treating them as such, and not as simple information exchange.
• Monitoring of completion. The system assists in supervising the fulfillment of the commitments and for example issues warnings when a part of design is not finished in time.
• Keeping temporal relations. The system assists in managing the time available to each participant in the network.
• Examination of the network. An engineer or manager should be able to see a clear overview of his commitments and their relation to other commitments.
• Automated application of recurrence. Certain parts of the commitment network are often recurring -for example a change in the structural load always triggers system should be able to automate the generation of such sub-networks.
the need for speech acts to the foundation engineer, structural engineer ... the One could find some of the features listed above in the time management software. A whole family of software, called "workflow software", is specializing in exactly these kinds of systems.
Activity and communication workflow
Workflow Management Coalition (WFMC, 1996) defines workflow as "the automation of a business process, in whole or part, during which documents, information or tasks are passed from one participant to another for action, according to a set of procedural rules." Two different perspectives on workflow exist:
• Activity based workflow focuses in modeling the work that needs to be done and smallest entity out of which complex models are built. This is not fundamentally different from business process modeling. In the author's view, such understanding of workflow also obscures an important aspect of human workhuman to human relations and negotiations about the work to be performed.
breaks it up into a series of interrelated tasks. A task or an activity is a typical
• Communication based workflow focuses on the relations and communications between the people involved in the work. A relation between two persons, one ordering work (customer) and the other performing it (performer), and the communication between them, are the main building block. What is to be done is stated in the mutually agreed conditions of satisfaction, which include a time by when work will be completed.
The transaction between customer and performer has four stages ( Figure 2 ): 1. Preparation. The performer makes an offer to provide service to the customer.
Work to be done is proposed by the customer or by the performer. 
Integration of communication, processes and products
How much workflow is there in an engineer's work and what is particular about it? The most successful applications of workflow technology are reported from services and businesses with intense contacts with the end-client and where customer satisfaction is a high priority. Building is in many ways special:
• The workflow does not happen within one organization but typically involves several companies with varying levels of IT expertise.
• Engineering (activity based) workflow is unpredictable; improvisation is the rule, not an exception.
• Important parts of the engineering workflow are mostly "work" and not so much "flow". For example engineering design process activities are performed by an engineer autonomously, at his desk, for days, with not much information flowing in or out for a long time. At least this is the traditional understanding of it. A further analysis should show how much external communication, now improvised, done informally and ad-hoc actually happens.
Action Workflow methodology shifts the focus towards the relations and communications between two humans involved in each process -the customer (client) and the performer (server). Communication workflow forces us to think about questions like "Why are we doing this?", "How did we negotiate it", "Who asked for it?", "How to make him satisfied?" etc. In all these questions, the concern for the client is evident.
A realistic scenario is therefore to model processes with simple human to human relations as flows, while resorting to Action Workflow techniques for works where customer-performer relations are of greater importance.
Towards workflow expanded ontology of construction
In philosophy, ontology deals with "what exists". In computer science ontology makes one step further and was defined as "a specification of conceptualization" (Gruber, 1993) . In this section we define what exists in construction and how its conceptualization could be approached.
Construction are the "works" during which products, such as ships, cars or bridges, are built. Together they form a complex process that involves design, production planning, production etc. Due to its complexity, it is broken into several sub-processes, which recursively include other sub-processes etc. A very simple description of what civil engineering is all about could be summarized in the following statements: A client requests the making of some construction product such as a house or bridge. The product is first designed, then its building is planned and finally it is being built. All phases of work are managed and controlled. For reasons of simplicity we are omitting steps like tendering, conceptual and detailed design, hand-over, etc.
Clearly there are big differences among the works listed above. The author proposes to (1) distinguish between co-ordination or commitment negotiation works and (2) processing works. The firsts focus on human to human interaction. The seconds follow the input-processing-output paradigm. The processing works can be further decomposed according to their dominant inputs and output into (2a) material processes that take raw materials, components and energy as input. Their results are material items such as components, materials or energy. They take similar material items as input. The other types of processes are (2b) information processes -those of which major input and output is information. The main information processes are design and planning.
The three major areas of interest are therefore (Figure 3 ):
• Workflow modeling should deal with commitment negotiation among various actors taking part in the construction process. The negotiation is about the processes and works they are supposed to perform • Process modeling should model the kind of processes that are best described information about building products, plans on how to make the products or the building products themselves.
with the input-processing-output paradigm. Results of the processes are
• Product modeling should model the results of the processes. These results are information or material objects. Information describes the material objects.
Conclusions
Even the highly intellectual work of the designers is modeled using the process modeling paradigms that were invented for the assembly lines of the early 20 th century. Building products are modeled as if they were mass production items of the mechanical engineering industry. The central role of a intelligent, responsible, committed human has been ignored.
In the paper this traditional approach to CIC has been challenged. A framework for an expanded ontology of construction has been proposed which introduces commitment negotiation among humans as a top-level concept and relates that to processes, products and information.
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